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TITLE 

DEVICE AND METHOD FOR ADJUSTING CURRENTS OF LAMP TUBES 

BACKGROUND OF THE INVENTION 

Field of the Invention 

5 The present invention relates to a device and method for 

adjusting currents of lamp tubes. 

Description of the Related Art 

Display devices like CRT (Cathode Ray Tube) or LED (Light 
Emitting Diode) displays have so large a volume and power 

10 consumption that they cannot efficiently achieve user 
requirements. However, LCDs (liquid crystal displays) have 
advantages of not only smaller volume and lower power 
consumption, but also low radiation. LCDs have superior contrast 
and less indistinct moving pictures, thus LCDs better fit user 

15 requirements. Concurrently, the size of one LCD and the 
brightness of a backlight module for the LCD have been increased, 
but the CCFL (Cold Cathode Fluorescent Lamp) in the backlight 
module has a current saturation problem; that is, the brightness 
of the CCFL can not be increased only by increasing the current 

20 thereof. Thus, adding lamp tubes will be a better solution to 
achieve a higher brightness of the backlight module. 

Fig. 1 shows a block diagram of a circuit in a backlight 
module with two lamp tubes. A feedback device 17 monitors 
currents I14a and I14b of a first lamp tube 14a and a second lamp 

25 tube 14b respectively, arid then outputs a feedback signal SI to 
a main control device 10. The main control device 10 outputs a 
driving voltage to a resonance circuit 11 according to the 
feedback signal SI, and then the resonance circuit 11 outputs a 
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voltage -control signal. A transformer 12 increases the amplitude 
of the voltage-control signal to drive the first lamp tube 14a 
and the second lamp tube 14b. The first lamp tube 14a and the 
second lamp tube 14b shall have equal currents so as to produce 
5 equal brightness thereof. A first capacitance 13a and a second 
capacitance 13b are used to isolate DC voltage parts of the 
voltages of the first lamp tube 14a and the second lamp tube 14b. 
However, impedance characteristics of the first lamp tube 14a and 
the second tubelamp tube 14b are different from each other, and 

10 equivalent impedances of the first capacitance 13a and the second 
capacitance 13b have large errors. Thus, the currents I14a and 
I14b are not the same, and brightness of the first lamp tube 14a 
is not equal to that of the second lamp tube 14b. 
Theref oreResultantly , the brightness of the LCD is not uniform 

15 and lifetime of each lamp tube is decreased. 

Fig. 2 shows a block diagram of a conventional circuit 
solving the problem of unequal currents. Feedback devices 27a 
and 27b monitor the current I24a of the first lamp tube 24a and 
the current I24b of the second lamp tube 24b respectively. Main 

20 control devices 2 0a and 2 0b receive feedback signals Sal and Sa2 
and then adjust the currents I24a and I24b accordingly. The 
currents I24a and I24b are unequal because devices in each circuit 
for these lamp tube 24a and 24b have errors and different feedback 
points, and then brightness of the first lamp tube 24a is still 

25 not equal to that of the second lamp tube 24b. Thus the 
conventional circuit cannot entirely solve the problem of unequal 
currents, and, additionally requires a large number of additional 
devices in the circuits, increasing cost and possible errors of 
the circuits. 
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SUMMARY OF THE INVENTION 

An object of the present invention is to provide a device 
for current control of lamp tubes in a display. The device solves 
the problem of unequal currents of a plurality of lamp tubes in 
5 an LCD, with reducing costs and decreasing errors. 

In addition, another object of the present invention is to 
turn on a plurality of lamp tubes alternately by a low- frequency 
switch controller. Currents of these lamp tubes are all equal, 
and a feedback device monitors the currents so that the brightness 

10 of each lamp tube are the same. 

To achieve the above-mentioned object, the present 
invention provides a device for adjusting currents of lamp tubes 
in a display. The display has a first lamp tube with a first 
current and a second lamp tube with a second current. The device 

15 for adjusting currents comprises a feedback device, a first 
switch, a second switch, a main control device, a resonance 
circuit, a transformer and a low- frequency switch controller. 

The feedback device is used for monitoring the first and 
second currents of the first and second lamp tubes, and then 

20 outputs a feedback signal. The main control device outputs a 
driving voltage according to the feedback signal, and the 
resonance circuit outputs a voltage-control signal according to 
the driving voltage. Then, the transformer transmits a second 
voltage to the first and second lamp tubes according to the 

25 voltage-control signal, so that the first and second currents are 
generated. In addition, the low- frequency switch controller 
turns on the first switch and the second switch, alternately, at 
different times. The feedback device receives the first current 
as the first switch is turned on. The main control device adjusts 
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the driving voltage according to the feedback signal* so as to 
adjust the first current when the first current is not equal to 
a predetermined value . 

Further, the feedback device receives the second current as 
5 the second switch is turned on, and the main control device 
adjusts the driving voltage according to the feedback signal so 
as to further adjust the second current when the second current 
is not equal to the predetermined value. 

To achieve the above-mentioned object, the present 

10 invention provides a method for adjusting currents of lamp tubes 
in a display. The display has a first lamp tube with a first 
current, and a second lamp tube with a second current. The first 
lamp tube and second lamp tube are respectively turned on by a 
first switch and a second switch. First, applying a driving 

15 voltage to the first and second lamp tubes. Then, turning on the 
first switch and the second switch by a first pulse and a second 
pulse with an inverted phase to the first pulse so as to generate 
the first and second currents of the first and second lamp tubes. 
Finally, monitoring the first and second currents, and then 

20 adjusting the first current by adjusting the driving voltage when 
the first current is not equal to a predetermined value. 

Further, the second current is adjusted by the driving 
voltage as the second current is not equal to the predetermined 
value . 

2 5 BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will become more fully understood from 
the detailed description given below and the accompanying 
drawings, given by way of illustration only and thus not intended 
to be limitative of the present invention. 
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Fig. 1 shows a block diagram of a circuit of a backlight 
module with two lamp tubes. 

Fig. 2 shows a block diagram of a circuit solving the problem 
of unequal currents in the prior art. 
5 Fig. 3 shows a circuit of the embodiment of the present 

invention. 

Fig. 4 is a timing chart of the lamp tubes. 

Fig. 5 is a timing chart of the brightness of one lamp tube 
in the present invention. 
10 Fig. 6 is a timing chart of voltage variation of the 

transformer when the impedances of the two lamp tubes are 
different . 

Fig. 7 is a timing chart of feedback stability of the present 
invention . 

15 DETAILED DESCRIPTION OF THE INVENTION 

Fig. 3 shows a circuit of the embodiment of the present 
invention. Two lamp tubes are included in this embodiment. 

In this embodiment, the device for adjusting currents of 
lamp tubes in a display includes a feedback device 37, a first 
20 switch 35a, a second switch 35b, a main control device 30, a 
resonance circuit 31, a transformer 32, and a low-frequency 
switch controller 36. 

The main control device 3 0 outputs a driving voltage to the 
resonance circuit 31 according to a feedback signal S3. The 
25 resonance circuit 31 then outputs a voltage-control signal. The 
transformer 32 is positioned between the resonance circuit 31 and 
a common point of the first lamp tubes 34a and the second lamp 
tubes 34b; and the transformer 32 can increases the amplitude of 
the voltage-control signal. Thus, the transformer 32 outputs 
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sufficient driving voltage to the lamp tubes 34a and 34b. Because 
the lamp tubes 34a and 34b are turned on by an alternating current 
voltage, a high voltage capacitor 33 is coupled between the 
transformer 3 2 and another common point of the lamp tubes 34a and 
5 34b so as to isolate the DC voltage part of the driving voltage. 
The low-frequency switch controller 36 can turn on the first 
switch 35a and second switch 35b at different times. In addition, 
the low- frequency switch controller 36 generates a first pulse 
and a second pulse with an inverted phase to the first pulse so 

10 as to turn on the first switch 35a and the second switch 35b, 
respectively. Therefore, the lamp tubes 34a and 34b can be turned 
on at different times. When the first lamp tub 34a is turned by 
the first switch 35a, a first current I34a flows through the first 
lamp tube 34a. When the second lamp tub 34b is turned by the second 

15 switch 35b, a second current I34b flows through the lamp tube 34b. 
The feedback device 3 7 coupled to the connection point 3 8 of the 
lamp tubes 34a and 35b is used to monitor the first and second 
currents I34a and I34b. The feedback device 37 receives the first 
current I34a when the first switch 35a is turned on. If the first 

2 0 current I34a is not equal to a predetermined value, the feedback 
device 37 outputs the feedback signal S3, and the main control 
device 30 adjust the driving voltage so as to adjust the first 
current I34a. In addition, the feedback device 37 receives the 
second current I34b when the second switch 35b is turned on. If 

2 5 the second current I 34b is not equal to a predetermined value, 
the feedback device 37 outputs the feedback signal S3, and the 
main control device 3 0 adjusts the driving voltage so as to adjust 
the second current I34b. Thus, the feedback device 37 monitors 
and equalizes the first and second currents I34a and I34b, so that 
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the brightness of the first and second lamp tubes 34a and 34b can 
be equal to each other*. 

Fig. 4 is a timing chart of to turn on the first and second 
lamp tubes, wherein labels SW1 and SW2 represent the first and 
5 second pulses, labels H and L represent a high level and a low 
level of the pulses, and labels ACa and ACb represent voltages 
applied to the first and second lamp tubes 34a and 34b, 
respectively. The preferred frequency is 2 00Hz to 500Hz. When 
the first pulse SW1 is in the high level (H) , the first switch 

10 35a is turned on, and the voltage (ACa) is applied to the first 
lamp tube in 34a to generate the first current I34a. When the 
first pulse SW1 is the low level (L) , the first switch 35a is 
turned off . Similarly, when the second pulse SW2 is the high level 
(H) , the second switch 35b is turned on, and the voltage (ACb) 

15 applies to the second lamp tube 3 4b to generate the second current 
I34b. When the second pulse SW2 is the low level (L) , the second 
switch 35b is turned off. 

★★★★The turn-on times of the first and second lamp tubes are 
controlled by a working duty of the first pulse SW1 and the second 

20 pulse SW2 . Fig. 5 is a timing chart of the first and second lamp 
tubes 1 brightness in the present invention. A label AC1 
represents a combination of signals when the first and second lamp 
tubes are turned on. A label SWn represents a combination of the 
first and second pulses generated by the low- frequency switch 

25 controller 36, wherein one pulse is shown as a solid line, and 
another is shown as a dashed line. Time labels t51, t53 and t55 
represent the time when the first lamp tube 34a is bright, and 
time labels t52and t54 represent the time when the second lamp 
tube 34b is bright. 
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In the embodiment of the present invention, the feedback 
device 37 monitors the first and second currents I34a and I34b 
to adjust the driving voltage. As shown in Fig. 6, a label AC 2 
represents the driving voltage, labels t61, t63 and t65 represent 
5 the time when the lamp tube with a larger impedance is turned on, 
and labels t62 and t64 represent the time when the lamp tube with 
a smaller impedance is turned on. When the lamp tube with the 
larger impedance is turned on, the voltage amplitude of the 
driving voltage (AC2) is larger. Conversely, when the lamp tube 

10 with the smaller impedance is turned on, the voltage amplitude 
of the driving voltage (AC2) is smaller. As a result, the currents 
of the lamp tubes with different impedances can be adjust to be 
equal. That is, the first current of the first lamp tube can be 
equal to the second current of the second lamp tube. Therefore, 

15 the brightness of the first and second lamp tubes can be adjust 
to be equal . 

Fig. 7 is a timing chart of feedback stability of the present 
invention showing a voltage of the first lamp tube 34a being 
turned on and off. Also, this signal can be the voltage of the 

20 second lamp tube 34b being turned on and off. The low- frequency 
switch controller 36 generates the first pulse and the second 
pulse with an inverted phase to the first pulse, whose frequency 
is 200Hz to 500Hz (the period is 5000ms to 2000ms) . As a result, 
period Tl (t71~t72) of turning on/off these lamp tubes 34a and 

25 34b is 5000ms to 2000ms. In addition, period T2 (t72~t73) for 
the low-frequency switch controller 36 to exchange the different 
pulses with different phases and stabilizes the output pulse is 
only 10ms, and the period Tl is long enough to stabilize the whole 
circuit . 
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As described, the present invention has several advantages 
over the prior art. First, the present invention is one simple 
circuit loop with fewer components, and thus, cost and error are 
decreased. Second, only one circuit is used to adjust the 
5 currents of at least two lamp tubes, these lamp tube have a same 
feedback point, such that the currents of these lamp tubes can 
be equalized, and the brightness of the lamp tubes can be equal 
to each other. 

When the invention has been described by way of example and 
10 in terms of the preferred embodiments, it is to be understood that 
the invention is not limited to the disclosed embodiments. To 
the contrary, it is intended to cover various modifications and 
similar arrangements as would be apparent to those skilled in the 
art. Therefore, the scope of the appended claims should be 
15 accorded the broadest interpretation so as to encompass all such 
modifications and similar arrangements. 
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